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(57) ABSTRACT

A light-emitting diode and the manufacturing method thereof
are disclosed. The manufacturing method includes the steps
of: sequentially forming a bonding layer, a geometric pattern
layer, a reflection layer, an epitaxial structure and a first
clectrode on a permanent substrate, wherein the geometric
pattern layer has a periodic structure; and forming a second
clectrode on one side of the permanent substrate.
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LIGHT EMITTING DIODE AND
MANUFACTURING METHOD THEREOFK

TECHNICAL FIELD

This mvention relates to a structure of a light emitting diode
and a manufacturing method thereof, and more particularly,
to a light emitting diode with a geometric pattern layer.

BACKGROUND

A light emitting diode (LED) 1s composed of an epitaxial
structure such as a homo-structure, a single hetero-structure,
a double hetero-structure, or a multiple quantum well. The
LED with a p-n junction that can emit light with various
wavelengths has several beneficial characteristics, including,
low electrical power consumption, low heat generation, long
lifetime, small volume, good impact resistance, fast response
and excellent stability. These characteristics have made the
LED to be a light source applied into electrical appliances and
clectronic devices.

Typically, an LED 1s composed of an epitaxial structure
with a substrate, an n-type cladding layer formed on the
substrate, a p-type cladding layer and an active layer formed
between the n-type cladding layer and the p-type cladding
layer. Light 1s emitted as current flows through the active
layer. The light wavelength can be altered by varying the
composition of the epitaxial structure material.

In general, the light output of an LED depends on the
quantum eificiency of the active layer and the light extraction
eificiency. The higher the quantum efliciency of the active
layer, the higher the light output of the light-emitting diode.
Generally, improving the quality of epitaxial structure and the
structural design of the active layer increases the quantum
elficiency of the active layer. In addition, as the light extrac-
tion eificiency increases, the light output of the light-emitting,
diode 1s enhanced. In order to improve the light extraction
eiliciency, efforts are made to overcome the significant pho-
ton loss resulting from total reflection 1nside the light-emit-
ting diode after emission from the active layer.

Currently, a common method for increasing the light out-
put of light-emitting diode devices 1s to increase the light
extraction eificiency of the light-emitting diodes. The meth-
ods for increasing the light extraction efliciency of light-
emitting diodes substantially includes several methods
described as following. The first method is to roughen the
surface of the light-emitting diode by directly etching the
surface of the light-emitting diode, so as to achieve the effect
of increasing the light extraction efficiency of the light-emat-
ting diode. In the method of roughening the surface of the
light-emitting diode, a mask protects the local region of the
surface, and wet etching or dry etching 1s applied to roughen
the surface. However, 1n this conventional method for rough-
cning the surface, the uniformity of the roughened surface 1s
poor. The second method 1s to change the shape of the light-
emitting diode by etching. However, the process ol the second
method 1s more complicated, so that the process yield 1s low.

SUMMARY

Theretfore, an aspect of the present invention 1s to provide
a light emitting diode to increase the light extraction eifi-
ciency and raise the light emitting efficiency thereof.

According to an embodiment of the present invention, the
light emitting diode comprises a permanent substrate, a bond-
ing layer, a geometric pattern layer, a retlection layer, an
epitaxial structure, a first electrode and a second electrode.
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The bonding layer 1s disposed on one side of the permanent
substrate. The geometric pattern layer 1s disposed on the
bonding layer, wherein the geometric pattern layer has a
periodic structure. The retlection layer 1s disposed between
the bonding layer and the geometric pattern layer. The epi-
taxial structure 1s disposed on the geometric pattern layer,
wherein the epitaxial structure comprises a first conductivity
type semiconductor layer, an active layer and a second con-
ductivity type semiconductor layer stacked 1n sequence, and
the first conductivity type semiconductor layer and the second
conductivity type semiconductor layer have different conduc-
tivity types. The first electrode 1s formed on the epitaxial
structure. The second electrode 1s formed on another side of
the permanent substrate.

According to another embodiment of the present invention,
the method for manufacturing the light emitting diode com-
prises: providing a growth substrate; forming an epitaxial
structure on the growth substrate, wherein the epitaxial struc-
ture comprises a first conductivity type semiconductor layer,
an active layer, and a second conductivity type semiconductor
layer stacked 1n sequence, wherein the first conductivity type
semiconductor layer and the second conductivity type semi-
conductor layer are different conductivity types; forming a
geometric pattern layer on the epitaxial structure, wherein the
geometric pattern layer has a periodic structure; forming a
reflection layer on the geometric pattern layer; forming a
bonding layer on the reflection layer; forming a permanent
substrate on the bonding layer; removing the growth sub-
strate; forming a first electrode on the epitaxial structure;
forming a second electrode on the permanent substrate.

According to an embodiment of the present invention, the
light emitting diode comprises a permanent substrate, a bond-
ing layer, a geometric pattern layer, a retlection layer, an
epitaxial structure, a first electrode and a second electrode.
The bonding layer 1s disposed on one side of the permanent
substrate. The geometric pattern layer 1s disposed on the
bonding layer, wherein the geometric pattern layer has a
periodic structure. The reflection layer 1s disposed between
the bonding layer and the geometric pattern layer. The epi-
taxial structure 1s disposed on the geometric pattern layer,
wherein the epitaxial structure comprises a first conductivity
type semiconductor layer, an active layer, and a second con-
ductivity type semiconductor layer. The second conductivity
type semiconductor layer with a portion surface exposed 1s
disposed onthe geometric pattern layer, and the active layer 1s
disposed on the second conductivity type semiconductor
layer. The first conductivity type semiconductor layer 1s dis-
posed on the active layer, and the first conductivity type
semiconductor layer and the second conductivity type semi-
conductor layer have diflerent conductivity types. The first
clectrode 1s formed on the first conductivity type semicon-
ductor layer. The second electrode 1s formed on the portion
surface of the second conductivity type semiconductor layer.

According to another embodiment of the present invention,
the method for manufacturing the light emitting diode com-
prises: providing a growth substrate; forming an epitaxial
structure on the growth substrate, wherein the epitaxial struc-
ture comprises a first conductivity type semiconductor layer,
an active layer and a second conductivity type semiconductor
layer stacked 1n sequence, and the first conductivity type
semiconductor layer and the second conductivity type semi-
conductor layer are different conductivity types; forming a
geometric pattern layer on the epitaxial structure, wherein the
geometric pattern layer has a periodic structure; forming a
reflection layer on the geometric pattern layer; forming a
bonding layer on the reflection layer; forming a permanent
substrate on the bonding layer; removing the growth sub-
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strate; etching a portion of the first conductivity type semi-
conductor layer and a portion of the active layer to expose a
portion surface of the second conductivity type semiconduc-
tor layer; forming a second electrode on the portion surface of
the second conductivity type semiconductor layer; and form-
ing a first electrode on the first conductivity type semicon-
ductor layer.

Therelfore, with the application of the light emitting diode
disclosed 1n the embodiments of the present invention, the
geometric pattern layer and the reflection layer thereof can
form a reflective surface with the periodical structure to
reflect the incident light emitted from the light emitting diode
in different angles towards one side of the light emitting diode
in a predetermined direction, thereby increasing the light
extraction efficiency and the light emitting efficiency thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1A through FIG. 1F are schematic flow diagrams
showing the process for manufacturing a light emitting diode
in accordance with a first embodiment of the present mven-
tion;

FI1G. 2 1s a side view showing a trapezoid-shaped structure
of a light emitting diode 1n accordance with a first embodi-
ment of the present invention; and

FI1G. 3A and FIG. 3B are schematic tlow diagrams showing,
the process for manufacturing a light emitting diode 1n accor-
dance with a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order to make the illustration of the present invention

more explicit and complete, the following description 1s
stated with reference to FIG. 1A through FIG. 3B.

Refer to FIG. 1A through FIG. 1F. FIG. 1A through FIG.
1F are schematic flow diagrams showing the process for
manufacturing a light emitting diode 1n accordance with a
first embodiment of the present invention. The light emitting
diode 100 of the first embodiment comprises an epitaxial
structure 120, a geometric pattern layer 130, reflection layer
140, a bonding layer 150, a permanent substrate 160, a first
clectrode 170 and a second electrode 180. The bonding layer
150, reflection layer 140, geometric pattern layer 130 and
epitaxial structure 120 are stacked on the permanent substrate
160 in sequence. The first electrode 170 and the second elec-
trode 180 are respectively formed on both sides of the light
emitting diode 100, thereby forming a vertical-conducting
type structure.

Refer to FIG. 1A. First, the growth substrate 110 1s pro-
vided, wherein the material thereolf may be GaAs, Si1, Si1C,
AIN, sapphire, hiP or GaP. Next, the epitaxial structure 120 1s
formed on the growth substrate 110. The epitaxial structure
120 1s formed by an epitaxy method such as metal organic
chemical vapor deposition (MOCVD), liquid phase epitaxy
(LPE) or molecular beam epitaxy (MBE). The epitaxy struc-
ture 120 has a first conductivity type semiconductor layer
121, an active layer 122, a second conductivity type semicon-
ductor layer 123 and a second conductivity type contact layer
124 stacked on the growth substrate 110 1n sequence, wherein
the first conductivity type semiconductor layer 121 and the
second conductivity type semiconductor layer 123 are differ-
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ent conductivity types. In this embodiment, the first conduc-
tivity type and the second conductivity type are different
conductivity types. That 1s, when the first conductivity type 1s
p-type, the second conductivity type 1s n-type. Conversely,
when the first conductivity type 1s n-type, the second conduc-
tivity type 1s p-type. In the present embodiment, the material
of the first conductivity type semiconductor layer 121 1s, for
example, n-type (Al Ga, ) In, P, (x>0.4), and the active
layer 122 may be preferably a multiple quantum well struc-
ture, which may be preferably composed of AlGalnP, and the
material of the second conductivity type semiconductor layer
123 1s, forexample, p-type (Al Ga, ) In, P, (x>0.4), and the
material of the second conductivity type contact layer 124 1s
preferably conductive and transparent, such as Indium Tin
Oxide, Indium Oxide, Tin Oxide, Cadmium Tin Oxide, Zinc
oxide, Magnesium oxide or Titamium Nitride. Further, 1n
various embodiments of the present invention, the epitaxial
structure 120 comprises a homo-structure, a single hetero-
structure, a double hetero-structure, a multiple quantum well,
or any arbitrary combination thereof.

Refer to FIG. 1B and FIG. 2. FIG. 2 1s a cross-sectional
view showing a trapezoid-shaped structure of a light emitting,
diode 1n accordance with a first embodiment of the present
invention. Next, the geometric pattern layer 130 1s formed on
the epitaxial structure 120, wherein the geometric pattern
layer 130 has a periodical structure, which 1s preferably com-
posed of a plurality of trapezoid-shaped structures 131. The
geometric pattern layer 130 may be dielectric or transparent
matenal, such as S10_, SiN_, T1iO_, or AlO_, formed on the
epitaxial structure 120. The trapezoid-shaped structures 131
are respectively disposed with a predetermined interval,
thereby forming the periodical structure. The base angle of
cach of the trapezoid-shaped structures 131 is substantially
less than 90 degrees.

Refer to FIG. 1C. The retlection layer 140 1s formed on the
geometric pattern layer 130. Then, the bonding layer 150 1s
formed on the reflection layer 140. The material of the retlec-
tion layer 140 may be high reflectivity metal, such as Al, Au,
Pt, Zn, Ag, N1, Ge, In, Sn, or alloys thereof. The material of
bonding layer may be silver paste, spontaneous conductive
polymer, or polymer doped with conductive maternials (such
as Al, Au, Pt, Zn, Ag, N1, Ge, In, Sn, T1, Pb, Cu, Pd or alloys
thereol) for bonding to the permanent substrate 160 in a
substrate transferring process. It 1s worth mentioning that the
reflection layer 140 can form a reflective surface with a peri-
odical structure to retlect the incident light in different angle
because the retlection layer 140 1s formed conformally on the
geometric pattern layer 130.

Refer to FIG. 1D. The permanent substrate 160 1s formed
on the bonding layer 150. The material of the permanent
substrate 160 of the present embodiment 1s electrically con-
ductive, which may be GaAsP, AlGalnP, AlGaAs, GaP S1 or
metal.

Retfer to FIG. 1E . The growth substrate 110 1s removed, so
as to expose a portion surface of the first conductivity type
semiconductor layer 121 of the epitaxial structure 120. The
growth substrate 110 1s removed by, for example, a laser
lift-oil process, an etch process, or a chemical mechanical
polishing process.

Retfer to FIG. 1F. A first conductivity type contact layer 125
1s formed on the first conductivity type semiconductor layer
121 of the epitaxial structure 120. The material of the first
conductivity type contact layer 125 1s preferably conductive
and transparent, such as Indium Tin Oxide, Indium Oxide, Tin
Oxide, Cadmium Tin Oxide, Zinc oxide, Magnesium oxide or
Titanium Nitride. Then, the first electrode 170 1s formed on
the first conductivity type semiconductor layer 1235, and the
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second electrode 180 1s formed on the portion surface of the
permanent substrate 160, thereby achieving the light-emait-
ting diode 100 of the present embodiment. The material of the
first electrode 170 may be In, Al, T1, Au, W, InSn, TiN, Wsi,
PtIn,, Nd/Al, N1/S1, Pd/Al, Ta/Al, Ti/Ag, Ta/Ag, T1/Al, T1/Au,
T/ TIN, Zr/ZrN, Au/Ge/Ni1, Cr/Ni1/Au, N1/Cr/Au, T1/Pd/Au,
T1/Pt/Au, Ti/Al/N1/Au, Auw/S1/TVAUW/S1, AW/NYTYSYT1, or
alloys thereof. The matenal of the second electrode 180 may

be Ni/Au, N1O/Au, Pd/Ag/ Au/T1/Au, Pt/Ru, T1/Pt/ Au, Pd/Ni,
N1/Pd/Au, Pt/N1/Au, Ru/Au, Nb/Au, Co/Au, Pt/N1/Au, N1/Pt,
Niun, Pt,In,, or alloys thereof.

Therefore, the light emitting diode 100 of the present
embodiment can use the geometric pattern layer 130 and the
reflection layer 140 to form a reflective surface with the
periodical structure, thereby reflecting the incident light emit-
ted from the light emitting diode 100 1n a different angle
towards one side of the light emitting diode 100 1n a prede-
termined direction, and increase the light extraction eifi-
ciency and the light emitting efficiency.

Refer to FIG. 3A and FIG. 3B. FIG. 3A and FIG. 3B are
schematic flow diagrams showing the process for manufac-
turing a light emitting diode 1n accordance with a second
embodiment of the present invention. Some reference numer-
als shown i FIG. 1E and FIG. 1F are used in the second
embodiment of the present invention. The construction of the
light emitting diode shown 1n the second embodiment is
similar to that in the first embodiment with respect to con-
figuration and function, and thus 1s not stated in detail herein.

Refer again to FIG. 3A and FIG. 3B, 1n comparison with
the first embodiment, the light emitting diode 300 of the
second embodiment comprises an epitaxial structure 320, a
geometric pattern layer 330, a reflection layer 340, a bonding
layer 350, a permanent substrate 360, a first electrode 370, a
second electrode 380 and an insulating layer 390. The bond-
ing layer 350, reflection layer 340, geometric pattern layer
330 and epitaxial structure 320 are stacked on the permanent
substrate 360 in sequence, wherein the epitaxial structure 320
has a first conductivity type semiconductor layer 321, an
active layer 322, a second conductivity type semiconductor
layer 323, a second conductivity type contact layer 324, and a
first conductivity type contact layer 325. The second conduc-
tivity type semiconductor layer 323 has a portion surface
exposed. The first electrode 370 1s formed on the first con-
ductivity type contact layer 323, and the second electrode 380
1s formed on the portion exposing surface of the second
conductivity type semiconductor layer 323, thereby forming
a lateral-conducting type structure. It 1s worth mentioning
that the permanent substrate 360 can be either electrically
conductive or not.

Refer to FIG. 3A and FIG. 3B. After removing the growth
substrate 310 and forming the first conductivity type contact
layer 325, a portion of the first conductivity type semicon-
ductor layer 321 and a portion of the active layer 322 1s etched
by, for example, a dry etch process, a wet etch process, or a
chemical mechanical polishing process to expose a portion
surface of the second conductivity type semiconductor layer
323. Next, the first electrode 370 1s formed on the first con-
ductivity type semiconductor layer 3235, and the second elec-
trode 380 1s formed on the portion surface of the second
conductivity type semiconductor layer 323, thereby forming
the lateral-conducting type structure. Next, the insulating
layer 390 1s formed on the exposing surface of the first con-
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ductivity type contact layer 325 and the second conductivity
type semiconductor layer 323 to package and protect the light
emitting diode 300 of the present embodiment. The material
of the insulating layer 390 may be silicon contaiming oxide,
nitride or high dielectric organic matenal. Therefore, the light
emitting diode 300 of the present embodiment can use the
geometric pattern layer 330 and the reflection layer 340 to
increase the light extraction efficiency and the light emitting
elficiency thereof.

As 1s understood by a person skilled 1n the art, the forego-
ing embodiments of the present invention are strengths of the
present invention rather than limiting of the present invention.
It 1s mntended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims, the scope of which should be accorded the
broadest interpretation so as to encompass all such modifica-
tions and similar structure.

What 1s claimed 1s:

1. A light emitting diode, comprises:

a permanent substrate;

a bonding layer disposed on one side of the permanent

substrate;

a geometric pattern layer disposed on the bonding layer,
wherein the geometric pattern layer has a plurality of
reversed trapezoid-shaped structures;

a reflection layer disposed between the bonding layer and
the geometric pattern layer;

an epitaxial structure disposed on the geometric pattern
layer, wherein the epitaxial structure comprises a first
conductivity type semiconductor layer, an active layer
and a second conductivity type semiconductor layer, and
the first conductivity type semiconductor layer and the
second conductivity type semiconductor layer are dif-
ferent conductivity types wherein the bonding layer 1s 1n
direct and physical contact with the retlection layer and
the epitaxial structure.

2. The light emitting diode as claimed 1n claim 1, further
comprising a first electrode formed on the epitaxial structure
and a second electrode formed on another side of the perma-
nent substrate; wherein the epitaxial structure further com-
prises a first conductivity type contact layer and a second
conductivity type contact layer, wherein the first conductivity
type contact layer 1s disposed between the first electrode and
the first conductivity type semiconductor layer, and the sec-
ond conductivity type contact layer 1s disposed between the
geometric pattern layer and the second conductivity type
semiconductor layer.

3. The light emitting diode as claimed 1n claim 1, wherein
the reflection layer has a plurality of reversed trapezoid-
shaped structures.

4. he light emitting diode as claimed in claim 1, wherein the
permanent substrate 1s electrically conductive, and the mate-
rial of the permanent substrate 1s selected from a group con-
sisting of GaAsP, AlGalnP, AlGaAs, GaP, S1 and metal.

5. The light emitting diode as claimed 1n claim 1, wherein
the material of the geometric pattern layer 1s selected from a
group consisting of S10x, SiNx, T10Ox and AlOx.

6. The light emitting diode as claimed 1n claim 1, wherein
the material of the bonding layer 1s selected from a group
consisting of silver paste, spontaneous conductive polymer or
polymer incorporated with conductive material.
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